WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
D21B 1/02, D21C 3/26, 9/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/2274 

26 June 1997 (26.06.9 



(21) International Application Number: PCT/IB95/0 1 1 40 

(22) International Filing Date: 19 December 1995 (19.12.95) 



(71) Applicant (for all designated States except US): KVAERNER 

HYMAC INC. [CA/CA]; 2995 Le Corbusier, Laval, Quebec 
H7L 3M3 (CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BARBE, Michel, C. 
[CA/CA]; 41 Place de Boheme, Candiac, Quebec J5R 
3N2 (CA). JANKNECHT, Sophie [CA/CA]; 317 de 
Tilly, Lachenaie, Quebec J6V 1G3 (CA). PROULX, 
Lyne [CA/CA]; 2575 Grand St-Esprit, Nicolet, Quebec 
J3T 1T7 (CA). ST- YVES, Jean [CA/CA]; 5020 Blain, 
Trois-Rivieres-Ouest, Quebec G8Y 7E6 (CA). 



(81) Designated States: AU. BR, CA, FI, KR, NO, NZ, SE, L 
European patent (AT, BE, CH, DE. DK, ES, FR, GB, G 
IE, IT, LU, MC, NL. PT, SE). 



Published 

With international search report. 



(54) Title: PROCESS FOR TREATING REFINER PULP 
(57) Abstract 

Process for producing lignocelluiosic pulp fibers with improved properties by treating the refiner pulp with chemicals to adjust 
pH, treating it at high temperature and with chemical charges, and thereafter subject it to a refining step. 





WO 97/22749 



PCT/IB95/01140 



PROCESS FO P TREATING RSFIMER PUI.-P 
FIELD OF THE INVENTION 

The present invention relates to a process for producing 
lignocelluiosic pulp in accordance with the preamble no the 
atcached Claim 1 . 

BACKGROUND OF THE INVENTION 

The pulp and paper industry uses many processes to produce pulp 
from lignocelluiosic materials such as softwoods, hardwoods or 
annual plants. These are used for the manufacture of several 
paper grades such as newsprint, specialicy papers (LWC, SC, 
. . . ) and fine papers (Art, MFC, . . . > - 

Chemical pulps used in fine papers are prepared by cooking the 
wood chips at elevated temperatures and pressures with various 
chemical agents such as Na 2 S and NaOH at high pH (Kraft 
pulping) and Na 2 S0 3 /NaHSO 3 for sulf ite/bisulf ite pulping at 
neutral pH. In these processes, the purpose of the chemical 
agents is to degrade and dissolve the lignin and the 
hemicellulose material in wood to leave pure cellulose fibers 
in the 40-45% yield level. Following this process, chemical 
fibers are bleached to high levels such as 85-90% ISO- 
brightness. The fibers are flexible and high strength papers 
can be produced from them . Chemical pulps are therefore also 
used in producing newsprint and speciality papers to provide 
dry strength to the sheet to ensure good runability in the 
press room. There are several problems associated with chemical 
pulping, however, with decreasing forest resources for 
instance, the resulting low yield from the process implies that 
a substantial amount of trees must be harvested. Furthermore, 
chemical pulping processes require high levels of fresh water 
and toxic chlorinated by-products (dioxin and AOX) are found in 
the effluent.. Odour emissions are also noteworthy. Sulfur 
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emissions concribute Co acid rain, which is responsible for 
forest deterioration and depletion of the soil. 

Mechanical pulps of inferior strength are also used in the 
manufacture of newsprint and speciality papers because of their 
high light scattering coefficient or opacity as well as high 
oil absorbancy which is required for ink acceptance during 
printing. In the production of these pulps, mechanical means 
are used. For instance, grindstones are used to defiber logs in 
the stone groundwood process (SG) . Disc refiners are also used 
to defiber wood chips into pulp. Wood chips can be refined 
without any specific treatment such as in refiner mechanical 
pulping (RMP) . The wood chips can also be thermally treated at 
temperatures between 100 to 13 0°C prior to being refined such 
as in the thermomechanical process (TMP) . In these processes, 
approximately five percent of the wood substance that is water 
soluble is lost for a net yield of approximately 95%. The 
strength of the resulting pulps is directly related to the 
degree of mechanical energy applied to the fibers in the form 
of shear stresses in the refining zone. The energy transferred 
to fibers is used to increase their flexibility. The internal 
cell wail dislocation or fibrillation resulting from bending 
and torsional stresses imposed onto fibers in the refining zone 
enhances their flexibility, but often this increased 
flexibility is obtained with reduction in fiber length. It is 
generally recognized that there are three problems in the 
manufacture of refiner mechanical pulp. One is the reduced 
strength of the paper formed from the pulp because the fibers 
are chopped and abraded. The second is the high electrical 
demand of the refiner or high specific refining energy. The 
third is the low brightness of the pulp produced. 

Mechanical pulps lack the desirable strength properties to 
replace, in whole or in part, low-yield chemical pulps, e.g. 
Jcraft or sulphite pulps, in linerboard, newsprint, tissue, 
printing grades and coated-base grade of paper. Consequently, 
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it has been an aim of the art to improve the physical and 
optical properties of mechanical pulps, so that such improved 
pulps would be used tc replace low-yield chemical pulps. The 
major problem has been the significant quantity of electrical 
energy to comminute the wood chips into a useable pulp. 

Impregnating wood chips with chemicals such as sulfite has been 
used to improve the strength and optical properties of refiner 
mechanical pulps. For instance, U.S. Patent 3,446,699 issued 
May 27, 1965 to Asplund et al . provides a method for producing 
mechanical and chemimechanical or semi-chemical pulps from 
lignoceiluiose- containing material, in order to provide 
improved quality of the fibers with improved defibration. 
U.S. Patent 2,558,42 8 issued Jan. 26, 1971 to Asplund et al . 
provided a method for manufacturing chemimechanical pulps 
involving heating and defibrating the same in an atmosphere of 
vapour at elevated temperature and under corresponding pressure 
of the impregnated chips to provide a more rapid and effective 
impregnation. In this chemi- thermomechanical pulping processes 
(CTMP) in which the yield range is between 88-92%, the wood 
chips are treated with relatively small amounts of sulfite and 
bisulfite which modifies the lignin by sulfonating it 
sufficiently to produce a marked change in its physical and 
chemical properties which give rise to brightness and strength 
improvement. However, the lignin is not made completely soluble 
in water or in the cooking liquor so that relatively high 
yields are obtained. Chemical impregnation of chips also 
results in lower debris but usually increases the long fiber 
content and reduces the scattering coefficient. Increases in 
energy requirement of 15-25% are observed to reach a given 
drainage or CSF level . 

Falling midway between the chemical and mechanical processes . : 
are the semi -chemical and chemi -mechanical pulping processes 
(CMP) . The yield range of the resulting pulps is between 60-85% 
so that good pulp properties are achieved at low refining 
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energy by cooking the wood chips (or other celiulosic material) 
under severe conditions. Typical temperatures are in the 160- 
24C°C range with high chemical charges to degrade a great deal 
of the lignin and hemicellulose . Cooking times range between 
one to four hours. As an example, U. S. Patent 4,115,738 issued 
Sept. 26, 1978 to M.J. Ford provided a process for producing 
high-yield chemimechanical pulps from woody lignocellulose 
material by treatment with an aqueous solution of a mixture of 
sulfite and bisulfite, to provide a pulp which can be readily 
defibered by customary mechanical means. The resulting pulp has 
different characteristics depending on the yield and refining 
energy applied as demonstrated by M. Barbe et al . , Journal of 
Pulp and Paper Science, 12(5): J141-146 (September 1386). 

An alternate approach tc improve the quality of mechanical 
pulps has been to treat the refiner pulp fibers. Two processes 
are currently used commercially. In the first process, 
described by A. Barnet et al, , Pulp and Paper Canada 81, T255- 
T260 (1980) , TMP pulp fibers are being treated at 160°C for 45- 
60 minutes in a reactor with sodium sulfite charges of 12-14% 
at pK of 9.8. The yield obtained is in the range of 85-88%. The 
refining energy to a given freeness is reduced while the 
strength properties are improved. The high chemical charges, 
low yield and therefore high effluent loads combined with the 
high cost for a reactor of appreciable size, as well as the 
dewatering or washing equipment required, offsets the benefits 
achieved. Therefore, this process alternative has not received 
wide commercial acceptance in the industry. In the second 
process , described by M. Barbe et al . , World Pulp and Paper 
Technology 1991, Frank Roberts, editor, Sterling Publications 
International Limited, London (1991) , CTMP pulp fibers are 
being treated at medium consistency (12%) and at 60°C for 120 
minutes with an alkaline peroxide liquor at pH of 10-11. 

The yield obtained with this process is in the range of 80-85%. 
Savings in refining energy to reach a given freeness are 



W097/22749 PCT/IB95/01 140 



obtained. The drawbacks of this latter . process are similar to 
those of the first process alternative. The low yield, high 
effluent loads and chemical charges combined with the high 
costs for bleaching towers with two hours retention time, with 
their discharge mechanisms as well as the cost for the 
dewatering cr washing equipment required, offsets the benefits 
achieved. Therefore, this process alternative has not received 
wide commercial acceptance in the industry. 

The low brightness of mechanical pulps is clearly a major 
problem which has limited their use in different paper grades. 
Several processes are currently employed in the pulp and paper 
industry tc bleach mechanical cr chemithermomechanicai pulps. 
One process uses a reducing agent such as dithionite or sodium 
and zinc hydrosulfite (Y) to brighten or bleach the pulps. With 
this bleaching chemical moderate gains of 4 to 10 points are 
obtained. Maximum brightness levels of 68 to 70% ISO can be 
reached with the addition of approximately 1% tc 1.25% on o.d. 
pulp of sodium hydrosulfite. The process is usually carried out 
in an aqueous phase at 3 to 5% consistency, a pH of 4 . 5 to 6,0, 
a temperature of about 60°C and a retention time of up to one 
hour. The use of a chelating or sequestering agent such as 
sodium tripolyphosphate (STPP) to remove naturally occurring 
trace metals is recommended. Peroxide (P) is also employed for 
bleaching. The process is carried out in a single tower or in 
two bleaching towers. In both cases, the bleaching is done at a 
pulp consistency of 15 to 35%, moderate temperatures of 50 to 
70°C, and retention times of two to three hours for each stage. 
Stabilizers such as sodium silicate and magnesium sulfate are 
added to the bleach liquor to prevent peroxide decomposition. 
Sodium hydroxide is also used to maintain an alkaline pH of 9.5 
to 11 so as to increase the concentration of the perhydroxyl 
ion OOH which is believed to be the active bleaching agent. 
Furthermore, pulps are normally pretreated at low consistency 
with organic chelating agents such as sodium diethylenetriamine 
penta-acetate (DTPA) to remove trace metals. 
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All of the above bleaching processes involve the addition of 
high chemical charges and high costs in order to. achieve the 
desired brightness levels. However, these permit to extend the 
use of the mechanical or chemimechanical pulps in a wide range 
of paper products. High capital costs in equipment are 
required. 



It is well known that the physical properties of wood pulps are 
strongly influenced by the flexibility of the individual 
fibers. In the papermaking process, the fibers are brought into 
close contact with each other by surface tension forces in the 
water removal process or during the pressing stages of the 
process. Flexible fibers therefore lead to better bonding and 
improved strength. Natural wood fibers are inflexible due to 
the presence of large amounts (20-30% by weight) cf lignin and 
crystalline cellulose (30-40% by weight) . Ail of the prior art 
indicate that fiber flexibility has been improved in 
conventional mechanical pulping by applying mechanical energy 
to the fibers and in chemical or semichemical or chemi- 
mechanical pulping processes by removing part, or nearly all, 
of the lignin or in some other cases by modifying its chemical 
nature with sulfonation in addition to the mechanical energy. 
However, in mechanical pulping the increased fiber flexibility 
and sheet strength is limited as the increase in flexibility is 
done with cell wall dislocations tt>at reduce fiber strength and 
fiber length. In chemimechanical pulping, or with the existing 
pulp fiber treatment process, the increased fiber flexibility 
and sheet strength is obtained by reducing the yield of the 
pulp . 

It is therefore an object of the present invention to provide a 
process which permits the treatment of lignocellulosic 
materials so as to render the fibers flexible and conformable 
with low refining energy while improving the strength and 
brightness cf the resulting pulp in addition to maintaining the 
materials yield for the production of pulp from weed chips and 
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other lignocellulosic materials. In addition to the savings 
obtained with low refining energy, saving can also be obtained 
in capital cost requirements and in bleaching chemicals when 
the treated pulps are bleached to high levels with the current 
state of the art bleaching technology. Conversely, high 
brightness levels can be reached at a given bleaching chemical 
charge, therefore permitting to improve the quality of 
mechanical pulps to extend their use in the production of high 
quality paper grades in replacement of chemical fibers. 

This object is obtained by the following process cf the type 
described in the preamble to Claim 1 which is characterized by 
the following steps: 

a) mixing the lignocellulosic material with a buffer or 
chemical solution in a high shear mixer- reactor so as to 
adjust the pH of the pulp, while maintaining the pulp at 
high consistency, 

b) submitting the pulp to high temperature for times and 
chemical charges sufficient to reduce the long range 
crystalline structure of the cellulose component of 
wood , and 

c) subsequent by subj ecting_the lignocellulosic pulp fibers 
to refining to produce a pulp with the desired end- 
product properties. 

The present invention will be explained in more detail with 
reference tc the drawings of which: 

Fig. 1 shows the energy reductions obtained when pulps are 
treated in accordance with the present invention as a function 
of the final pH of the pulp, 
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Fig. 2 shows the energy reductions obtained as a function of 
the total ionic content or yield, 

Fig. 3 shows the energy reduction/increase to be expected upon 
changes or variation in the sulfonate content of the fibers 
obtained with the present state of the art CTMP or CMP 
technology, 

Figs. 4 and 5 are process flow diagrams illustrating the 
various steps of a continuous operation in which pulps are 
treated according to the present invention. 

While the invention is not limited to any theory, it is 
believed that the process provides the savings in refining 
energy and improved properties by reducing the long range 
crystallinity of cellulose and by the chemical degradation of 
the lignin, hemicellulose and cellulose components of wood. 
Figure 1, showing energy reductions obtained following the 
treatment of the pulps according to the present invention, as a 
function of the final pH of the pulp, as well as Figure 2 
showing energy reductions obtained as a function of the total 
ionic content or yield, indicate that savings can be obtained 
at low ionic content or high yield with treatments at low pH as 
well as at high total ionic content and high pH. Under low pH 
and ionic content conditions, it Is believed that changes in 
the long range crystallinity of the crystalline structure of 
the cellulose prevails to give the savings in refining energy. 
The chemicals or buffers used inhibit the acid hydrolysis of 
the polysaccharides and therefore preserves fiber strength. At 
high pH or high ionic content, the chemical degradation of the 
lignin, hemicellulose and cellulose may prevail in addition to 
the changes in the crystalline structure of cellulose. Figure 3 
shows the energy reduction/increase to be expected upon changes 
or variations in the sulfonate content of the fibers obtained 
with the present state of the art CTMP or CMP technology. 




WO 97/22749 PCT/1B95/01140 

9 

Figure 4 describes an application of the process by which a 
refined pulp obtained directly at the outlet of a refiner (1) 
is blown in a high shear mixer (2) in which a buffer or a 
chemical solution is added to adjust the pH of the pulp. The 
conditions for the treatment temperature or pressure as well as 
the desired retention time and chemical charge in the high 
shear mixer (2) are to be selected according to the initial 
pulp pH, wood species and desired benefits in either strength, 
optical or refining energy reduction to be sought. 
Subsequently, the treated pulp is mechanically defiberized in a 
second refiner (3) which blows the pulp to a pressurized or 
atmospheric cyclone (4) . 

Figure 5 describes an application of the process by which a 
refiner pulp obtained at the discharge of a dewacering device 
such as a screw press (5), is fed with a pulp plug screw (6) 
into the high shear mixer (7) . Buffers or a chemical solution 
is added to adjust the pH of the pulp while the treatment 
temperature or pressure as well as the desired retention time 
and chemical charge is set to achieve the desired benefits. 
Subsequently, the treated pulp is mechanically def ibered in a 
refiner (8) and blown into a pressurized or atmospheric cyclone 
(9) . 

THE FOLLOWING EXAMPLES ARE GIVEN TO ILLUSTRATE MORE CLEARLY 
VARIOUS EMBODIMENTS OF THE INVENTION. 

Example j 

In this example, as well as in subsequent examples, the 
following experimental procedure was used for the treatment of 
pulps. The different chemical agents were mixed with a refined 
pulp in a commercial high shear mixer, treated in a digester 
and subsequently refined on a 30 cm single disc refiner. The 
control pulps coded CB3N were only thermally treated in the 
digester prior to refining. The control pulps coded C-6N were 
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simply refined in the single disc refiner without thermal 
treatment . 

This example is intended to illustrate that when pulp fibers 
are treated in the presence of acids or bases to adjust the pH, 
as described for aspects of this invention, refining energy is 
reduced appreciably while the strength properties are improved. 

Table 1 gives the quality of pulps treated compared to the 
created oulp without buffers or chemicals (coded C3-3N) and the 
untreated pulp (coded C-6N) . 

The pulps coded C-6N give the properties of a pulp as produced 
by the current state cf the art. The pulp coded CB-3N gives the 
properties of a pulp submitted to a thermal treatment without 
the addition of a buffer. The pulps coded A1-4N, A2-4N and B-4N 
give the properties of a pulp submitted to a thermal treatment 
with the addition of NaOH or H 2 S0 4 , to adjust the pH as per the 
precept of this invention. It can be observed that reduction of 
refining energy of 2 6 to 64% are obtained compared to the 
untreated pulp. Higher energy reductions are obtained at high 
and low pH adjustment. It is preferable to treat the pulp at 
high pK levels to obtain high strength properties such as 
tensile index and breaking length. However, the tear index 
remains low. The pH adjustment allows the optimization of 
different pulp quality under conditions in order to obtain high 
yield pulps. Table 2 shows the effect of conventional peroxide 
bleaching on the pulp and paper properties for the pulps 
treated with H 2 S0< and the pulp treated without buffers or 
chemicals. The pulps treated at low pH show higher brightness 
level compared to the pulp treated without buffers or chemicals 
at a given chemical charge and higher brightness level is also 
reached following a peroxide bleaching stage. Therefore, 
reductions in peroxide consumption are expected to be reached 
at a given brightness level when the pulps are treated at low 
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pH wich buffers, compared to pulps treated without buffers or 
chemicals. 

Example 2 

This example illustrates the effect of pH of treatment upon 
adjustment with C0 2 and calcium hydroxide (Ca(OH) 2 ) . 

Table 3 gives the quality of pulps treated compared to the 
treated pulp without buffers or chemicals (coded C3-3N) and the 
untreated pulp (coded C-6N) . 

The pulps coded C-SN give the properties of a pulp produced by 
the current state of the art. The pulp coded C3-3N gives the 
properties of a pulp submitted to a thermal treatment without 
the addition of a buffer. The pulps coded H2-5N and E3-SN give 
the properties of a pulp submitted to a thermal treatment with 
the addition of CO. and C0 2 /Ca(OH) 2 , to adjust the pK as per the 
precept of this invention. It can be observed that refining 
energy reductions of 19 to 28% are obtained compared to the 
untreated pulps while maintaining a high yield. The strength 
properties of the treated pulps are lower compared to the 
untreated pulps. However, with the heat treatment, reductions 
in energy consumption are obtained with the use of C0 2 or 
C0 2 /Ca(OH) 2 cogether with improved strength properties and 
brightness of the pulps. In addition to the above benefits, the 
combined use of the C0 2 or C0 2 /Ca(OH) 2 give rise to the 
formation of CaC0 3 which is used as a filter in the pulp and 
paper industry to confer high opacity to paper. 



Example 3 

This example illustrates the effect of sodium sulfite (Na 2 S0 3 ) 
liquor used, to control the pH of the heat treatment. In this' 
example, pulps were heat treated with H 2 S0 4 and NaOH in 
combination with the Na 2 S0 3 to control the pH. 
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Table 4 gives the quality cf pulps treated compared to che 
treated pulp without buffers or chemicals (coded C3-3N) and the 
untreated pulp (coded C-6N) 

The pulps coded C-SN give the properties of a pulp produced by 
the current state of the art. The pulp coded C3-3N gives the 
properties of a pulp submitted to a thermal treatment without 
the addition of a buffer. The pulps coded D1-3N, D2-7N, and D3- 
7N give the properties of a pulp submitted to a thermal 
treatment with the addition of Na 2 S0 3 and H 2 S0« or NaOH, to 
adjust the pH as per the precept cf this invention. 

It can be observed that refining energy reductions of 30 to 45% 
are obtained compared to the untreated pulps. The maximum 
energy reductions are obtained at low and high pK. It is 
preferable to treat the pulp at high pH to reach high strength 
properties such as tensile index or breaking length. However, 
the tear index is lower compared to untreated pulps . The pK 
adjustment allows the optimization of different pulo quality 
under different conditions while the high yield of the pulps is 
maintained. Table 5 shows the effect of conventional peroxide 
bleaching on the pulp and paper properties for the pulps 
treated with Na,S0 2 at low pK and the pulp treated without 
buffers :r chemicals. The pulps treated at low pH show higher 
brightness level compared to the pulp treated without buffers 
or chemicals. Higher brightness level is also reached following 
a peroxide bleaching stage. Therefore, reductions in peroxide 
consumption are also to be expected to reach a given brightness 
level when the pulps are treated with Na 2 S0 3 at low pK compared 
to pulp treated without buffers or chemicals. 

Example 4 

This example illustrates the effect of reducing agents such as 
sodium hvarosulfite (Na 2 S 2 0 4 ) , sodium borohydride (NaBKJ and 
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formamidine sulfinic acid (FAS) co control che pH of the pulp 
during heat treatment. 

Table S gives the quality of pulps treated compared to the 
treated pulp without buffers or chemicals (coded C3-3N) and the 
untreated pulp (coded C-6N) . 

The pulps coded C-6N give the properties of a pulp produced by 
the current state of the art. The pulp coded CB-3N gives the 
oroperties of a pulp submitted to a thermal treatment without 
the addition of a buffer. The pulps coded G1-5N, G2-4N r G3-5N, 
and H1-5N give the properties of a pulp submitted to a thermal 
treatment with the addition of Na 2 S 2 0< and NaBH 4 or FAS , to 
adjust the pH as per the precept of this invention. 

It can be observed that refining energy reductions of 3 0 to 35% 
are obtained compared to the untreated pulps while maintaining 
a high yield. The strength properties of the treated pulps are 
lower compared to the untreated pulps. However, as a heat 
treatment reduces the energy consumption, it is shown that the 
addition of reducing agents may also improve the strength 
properties of the pulps. Under acidic conditions, the 
brightness of the pulps is also improved compared to treated 
pulps without buffers or chemicals. Table 7 shows the effect of 
conventional peroxide bleaching on the pulp and paper 
properties for the pulps treated with NaBH« at high pH and the 
pulp treated without buffers or chemicals. The pulps treated at 
high pH show similar brightness level compared to the pulp 
treated without buffers or chemicals. However, higher 
brightness levels (approximately 10 points) are reached 
following a peroxide bleaching stage. The pulps treated with a 
reducing agent have a better brightness response to peroxide 
bleaching compared to pulp treated with heat only. Therefore, 
reductions in peroxide are also expected to reach a given 
brightness level when the pulps are treated with a reducing 
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agent at high pH compared to pulps treated without buffers or 
chemicals . 

Sxgmple 5 

This example illustrates the effect of oxidizing agents such as 
peroxide (H 2 0 2 ) , oxygen (0 2 ) and a mixture of peroxide and 
oxygen. In this example, the pH of the pulps were adjusted with 
NaOH used with the H 2 0 2 solution. 

Table 8 gives the quality of pulps treated compared to the 
treated pulp without buffers or chemicals (coded CB-3N) and the 
untreated pulp (coded C-6N) . 

The pulps coded C-6N give the properties of a pulp produced by 
the current state of the art. The pulp coded C3-3N gives the 
properties of a pulp submitted to a thermal treatment without 
the addition of a buffer. The pulps coded D1-5N, F2-4N, and 
F3-4N give the properties of a pulp submitted to a thermal 
treatment with the addition of oxidizing agent and NaOH. 

It can be observed that refining energy reductions of 11 to 27% 
are obtained compared to the untreated pulps. The maximum 
energy reductions are obtained at high pK. It is preferable to 
treat the pulp at high pH levels xo obtain high strength 
properties such as tensile index and breaking length. The pH 
adjustment allows the optimization of different pulp quality 
under conditions while high yield pulps are produced. In order 
to reduce the refining energy and to improve the strength 
properties as well as the brightness of the pulps, it is 
preferable to combine the thermal treatment with the addition 
of oxidizing agenzs . However, the tear index remains lower. 
Table 9 shows the effect of conventional peroxide bleaching on 
' the pulp and paper properties for the pulps created with 
oxidizing agents and the pulp treated without buffers or 
chemicals. The pulps treated with oxidizing agents show higher 



WO 97/22749 PCT/IB95/01140 

15 

brightness level compared co the pulp treated without buffers 
or chemicals. Higher brightness levels are also reached 
following a peroxide bleaching stage. Therefore, reductions in 
peroxide are also expected at a given brightness level when the 
pulps are treated with a reducing agent compared to the pulps 
treated without buffers or chemicals. 



Example S 

This examDle illustrates the effect of oxidizing agents such as 
peracids made from a mixture of peroxymonosulf uric acid or 
Caro's acid (H 2 S0 5 ) and peracetic acid (CH 3 C0 3 H) . Ir. this 
example, pulps were treated with adjustment of the pH with NaOH 
in combination with the mixture of H 3 SO s :CH 3 C0 3 H. 

Table 10 gives the quality of pulps treated compared to the 
treated pulp without buffers or chemicals (coded C3-3N) and the 
untreated pulp (coded C-SN) . 

The pulps coded C-SN give the properties of a pulp produced by 
the current state of the art. The pulp coded CB-3N gives the 
properties of a pulp submitted to a thermal treatment without 
the addition of a buffer. The pulps coded I1-4N, I2-3N, and 
I3-4N cive the properties of a pulp submitted to a thermal 
treatment with the addition of ^oxidizing such as a mixture of 
H 2 S0 5 , NaOH, and NaOH to adjust the pH as per the precept of 
this invention. 

It can be observed that refining energy reductions of 
approximately 20% are obtained compared to the untreated pulps. 
To obtain full benefits in energy reduction, in addition to 
strength and optical properties, it is preferable to combine 
the heat treatment with the. addition of oxidizing agents such 
as a mixture of Caro's acid and peracetic acid under acidic 
conditions. Table 11 shows the effect of conventional peroxide 
bleaching on the pulp and paper properties for the pulps 
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created with oxidizing agents and the pulp t reared without 
buffers or chemicals. The pulps treated show lower brightness 
level compared to the pulp treated without buffers or chemicals 
but higher brightness level is reached following a peroxide 
bleaching stage. Therefore, reductions in peroxide are also 
expected at a given brightness level when the pulps are treated 
with peracid agents compared to the^ pulps treated wichcut 
buffers and chemicals. The pH adjustment allows the 
optimization of different pulp quality under selected 
conditions while retaining their yield pulps. 
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Tnble 2 I 
The effect of peroxide blenching on pulp nnd pnper properties of trented nnd controlled pulps | 


Trented without 
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CLAIMS 



1. A process by which lignocellulosic pulp fibers are produced 
at low specific refining energy and high yield, characterized 
by the following steps: 

(i) mixing the lignocellulosic pulp fibers with a buffer or 
chemicals to adjust the pH of the pulp while maintaining 
the pulp at high consistency, 

(ii) submitting the pulp to high temperature for cimes and 
chemical charges sufficient to reduce the long range 
crystalline structure of the cellulose component of 
wood , and 

(iii) subsequently subjecting the lignocellulosic pulp fibers 
co refining to produce a pulp with the desired end- 
produce properties . 

2. A process of claims 1, characterized in that said pulp 
fibers are lignocellulosic pulp fibers obtained after impregna- 
tion cf wood chips in a single or multistage impregnation with 
water, sulfite, bisulfite, peroxide solution, sodium bcro- 
hydride and sodium borohydride-caustic-sulf ite liquor followed 
by refining. 

3. The process of claim 1, characterized in that said 
lignocellulosic material is a washed pulp or pretreated pulp 
with metal complexing agents to remove metal ions prior zo the 
treatment . 

4. The process of claim 1, characterized in that said 
lignocellulosic pulp fibers are whole pulps from main line 
refining lines or are long fibers or rejects obtained from 

cleaning stages. 
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5. The process of one of the preceding claims, characterized in 
that the chemical or buffer used to adjust the pH is an acid 
such as HCi, H 2 S0 4 and H 3 C0 3 .. 

6. The process of one of claims 1-4, characterized in chat the 
chemical or buffer used to adjust the pH is a base such as 
NaOH, Ca(OH) 2 and Na 2 C0 3 . 

7. The process of one of claims 1-4 , characterized in that the 
buffer or chemical used is a mixture of Ca(OH 2 ) and C0 2 (g) or 
H 2 C0 3 . 

8. The process of one of the preceding claims, characterized in 
that the chemicals used are oxidizing agents to adjust the pH 
below 7 which is, for instance, a mixture of oxygen (0 2 ) and 
peroxide (H 2 0 2 ) , a mixture of ozone <0 3 ) and peroxide (K 2 0 2 ) and 
peracids {H 2 S0 4 -H 2 0 2 , CH 3 COOH-H 2 0 2 ) . 

9. The process of one of the preceding claims, characterized in 
that the chemical used to adjust the pH above 7 is an oxidizing 
agent which is, for instance, peroxide (H 2 0 2 ) . 

10. The process of one of the preceding claims, characterized 
in that the chemical used to adjust the pH above 7 is a 
reducing agent such as sodium sulfite (Na 2 S0 3 ) , sodium 
borohydride (NaBH 4 ) . and formamidine sulfuric acid (FAS). 

11. The process of one of the preceding claims, characterized 
in that the chemical used to adjust the pH below 7 is, for 
instance, a reducing agent such as bisulfite (MHSC 3 ) or acid 
sulfite (H 2 S0 3 + MHS0 3 ) (where M * Base = l/2Ca* 2 , 1/2 mg' 2 , Na*, 
NH 4 *) and dithonite or sodium hydrosulfite (Na 2 S 2 0 4 ) . 

12. The process of one of the preceding claims, characterized 
by the subsequent steps of screening, cleaning, dewatering and 
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brightening or bleaching sequences co upgrade further the 
brightness of the pulps. 
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